We have successfully created a single arc volumetric modulated arc therapy (VMAT) plan for treating post-surgical left breast/chest wall and regional nodes using Elekta multileaf collimator (MLC). Dose volume histograms (DVHs) were compared between the VMAT plans and conventional tangential beam plans using a field-in-field technique, leading to significant DVH advantages in the VMAT plans. The difference between Elekta VMAT and Varian RapidArc due to different MLC designs was discussed in terms of the number of arcs required to cover a large target, highlighting a single arc capability of Elekta VMAT for a large target volume which may be less sensitive to unexpected organ motion during dose delivery.
INTRODUCTION
It is well known that left-breast radiation therapy results in a substantial dose to heart when the target volume includes the internal mammary lymph nodes, thereby increasing cardiac mortality. To reduce the cardiac side effects, dose to the lymph nodes often needs to be reduced which may increase the probability of tumor recurrence or metastasis. Recently, application of volumetric modulated arc therapy (VMAT) to left breast treatment was proposed to deliver sufficiently high dose to the lymph nodes while minimizing dose to the heart using Varian VMAT (RapidArc). 1) It was also shown that two arcs with two split fields overlapped by 2 cm were required to manage the field size limitation of Varian's multileaf collimator (MLC) design and to reduce motion-oriented dose inhomogeneity.
1) The limitation of Varian MLC for VMAT delivery was also suggested in terms of an optimum collimator angle to possibly compensate the field size limitation, 2) and additional arcs with split fields to further extend the effective treatment field size.
3)
The purpose of this study is to show that a single arc Elekta VMAT plan with no split fields can be created for left breast/chest wall and regional nodes with satisfied dose volume histograms (DVHs).
MATERIALS AND METHODS
Therapy for 5 patients previously treated with conventional opposed (tangential) beams using a field-in-field technique to post-surgical left breast/chest wall and regional nodes was replanned with a VMAT technique (Pinnacle ver. 9 SmartArc, Philips), using the same contours and CT data sets. The patients were selected to represent a wide range of breast target volumes from 180 cc to 1290 cc. Elekta multileaf collimator with 1 cm leaf width (MLCi, Elekta, UK) was employed for the treatment planning.
Three clinical target volumes (CTVs) were defined, one was the left breast/chest wall and the others were clavicular lymph nodes and internal mammary lymph nodes. Three planning target volumes (PTVs) were defined by adding 7 mm to the breast/chest wall posteriorly and 5 mm to the nodes isotropically. Considering dose build-up, the region from the skin surface to a depth of 5 mm was excluded from the PTVs. If the generated PTVs overlapped with lung or heart, the overlapped regions were also excluded from the PTVs. Organs at risk (OARs) comprised ipsilateral (left) lung, contralateral (right) lung, contralateral (right) breast, and heart.
The breast/chest wall PTV was prescribed to 50 Gy in 25 fractions (referred to as PTV50), and the nodes were prescribed to 45 Gy in 25 fractions (referred to as PTV45). The VMAT plans were optimized to cover at least 95% of each PTV by 95% of each prescribed dose while minimizing the dose to OARs as much as possible under the condition of heart V30 < 3% and ipsilateral lung V20 < 20%. 1) An effort was made to avoid hot spots (> 107%) between the left breast/chest wall and the clavicular lymph nodes with highest possible dose uniformity.
Gantry angles for VMAT delivery were initially set from 300 to 180 degrees with a single clockwise rotation; subsequently, a minor angle adjustment was made depending on generated plan quality. A collimator angle of 0 degrees was initially employed and it was manually optimized if hot spots were observed between PTV50 and PTV45. Figure 1 shows a comparison of calculated dose distributions for a left breast cancer patient between (a) VMAT and (b) conventional opposed beams with Elekta Synergy on axial, sagittal, and coronal planes. PTV50 is shown in thick red color and the two PTV45s are shown in thick yellow and thick pink. Isodose color washes ranging from 5500 cGy down to 500 cGy are also shown. Figure 2 compares DVHs averaged over the five patients between VMAT (solid line) and conventional tangential (a) (b) Fig. 1 . Comparison of calculated dose distribution for a left breast cancer patient using (a) VMAT and (b) conventional opposed beams with Elekta Synergy on axial, sagittal, and coronal planes. Three clinical target volumes (CTVs) were defined, one was post-surgical left breast/chest wall and the others were clavicular lymph node and internal mammary lymph node. Three planning target volumes (PTVs) were PTV50 (thick red) defined by adding 7 mm to the breast/chest wall posteriorly, and two different PTV45s (thick yellow and think pink) by adding 5 mm to the two nodes isotropically. Organs at risk (OARs) comprised ipsilateral (left) lung, contralateral (right) lung, contralateral (right) breast, and heart. Isodose color washes ranging from 5500 cGy down to 500 cGy are also shown.
RESULTS AND DISCUSSION

Fig. 2.
Comparison of dose volume histograms (DVHs) averaged over the five patients between VMAT (solid line) and conventional tangential beams using a field-in-field technique (dotted line). Homogeneity index (HI) for PTV50 was 2.1 for the VMAT (1.66-2.91) and 1.9 for the field-in-field (1.3-2.3). V20 of the ipsilateral left lung (denoted as Lt lung) is 18.9% (17.2-19.6%) for VMAT and 37.6% (35.5-40.5%) for field-in-field. V30 of heart was 3.0% (0.3-4.3%) for VMAT and 14.4% (8.3-19.0%) for field-in-field. PTV45 (cNL to LN) and PTV45 (iNL to LN) are clavicular lymph nodes and internal mammary lymph nodes respectively. beams using a field-in-field technique (dotted line). Homogeneity index (HI) for PTV50 was 2.1 for the VMAT (1.66-2.91) and 1.9 for the field-in-field (1.3-2.3). V20 of the ipsilateral left lung (denoted as Lt lung) is 18.9% (17.2-19.6%) for VMAT and 37.6% (35.5-40.5%) for field-in-field. V30 of heart was 3.0% (0.3-4.3%) for VMAT and 14.4% (8.3-19.0%) for field-in-field. PTV45(cNL to LN) and PTV45(iNL to LN) are clavicular lymph nodes and internal mammary lymph nodes respectively. Table 1 shows dosimetric results created by the VMAT plans for PTV50, PTV45, heart, ipsilateral lung, contralateral lung, and contralateral breast. The data show each patient average with each range over five patients. The dose constraints for PTV50, PTV45, heart V30, and ipsilateral lung V20 were all satisfied.
Average beam delivery time in Elekta single arc VMAT was 3.1 min, whilst that in Varian two-arc VMAT was reportedly 3.9 min 1) under the same PTV50 and PTV45 dose prescriptions. The difference of 48 sec is substantially large, showing quicker delivery in the single arc VMAT.
In 2003, Memorial Sloan Kettering Cancer Center reported in their intensity modulated radiotherapy (IMRT) textbook that splitting a large IMRT field was required due to the limitation of the Varian MLC leaf travel distance of 14 cm. 4) VMAT belongs to the same category of dynamic delivery, and therefore the same issue exists when Varian MLC is used. In contrast, Elekta MLC does not have similar leaf travel restriction, allowing a single-arc large-field VMAT for quicker and motion-insensitive treatment.
In conclusion, we have shown that a single arc Elekta VMAT plan can be successfully created for left breast and regional nodes with satisfied dosimetric results. Clinical advantages of large-field Elekta VMAT were also suggested. Further study to confirm the advantages are now being performed. Table 1 . Dosimetric results created by the VMAT plans for left breast/chest wall (PTV50), clavicular and internal mammary lymph nodes (PTV45), heart, ipsilateral lung, contralateral lung, and contralateral breast. The data showed each patient average with each range over five patients. The dose constraints for PTV50, PTV45, heart V30, and ipsilateral lung V20 were all satisfied. 
